In the context of a clear-cutting experiment of sedge areas on seasonally flooded grasslands, we described the fish community structure and the relationships between its spatial organisation and some environmental variables in early spring in 2000. A confinement gradient related to an increase in macrophyte density and determined by the nearest distance from permanent waters seemed to be a key factor in structuring the fish community in the flooded grasslands. Along this gradient, Cyprinids (essentially 0+) dominated near permanent water bodies (95% in abundance) but were substituted further by more tolerant species (Anguilla anguilla and Lepomis gibbosus) and mainly Ameiurus melas (age > 1, 40% in abundance). Although most species (10/13) present in the main permanent channels have been found in flooded grasslands, the efficiency of these grasslands as fish habitat was low compared to other similar sites from literature. We concluded on the importance of a confinement gradient and the water regime, isolating grasslands during summer and responsible of the scarce presence of fish.
INTRODUCTION
Temporary aquatic habitats such as tidal marshes, backwaters or floodplains are known to be of importance as nursery areas and/or spawning grounds for many fish species both in marine areas (TALBOT and ABLE, 1984; LEFEUVRE et al., 1999; LAFFAILLE et al., 2000) and in fresh waters (e.g. COPP and PENAZ, 1988; POIZAT and CRIVELLI, 1997) . These ecological functions are rather well documented for marginal habitats and tidal freshwater marshes or salt marshes (WEINSTEIN, 1979; ROZAS and ODUM, 1987; MC IVOR and ODUM, 1988; SCHLOSSER, 1995) , but only a few papers concern seasonally flooded marshes (SNODGRASS et al., 1996; POIZAT and CRIVELLI, 1997; BABER et al., 2002) .
Seasonally flooded habitats are often characterised by good feeding and growth conditions for most fish species (NECKLES et al., 1990) . Furthermore, the shallowness of these areas is not suitable for most large piscivorous fishes and provides some protection for coarse fish (MC IVOR and ODUM, 1988; SCHLOSSER, 1995) . This advantage is balanced by the occurrence of specialised fish-eating birds such as Ardeidae, which exert a significant predation (KUSHLAN, 1976a) , especially in confined areas (FEUNTEUN and MARION, 1994; MARION et al., 2000) . Moreover, during the dry season, as the water level decreases, high mortality rates may occur for fish trapped in isolated water bodies (KUSHLAN, 1976a, b; CAPONE and KUSHLAN, 1991) . Therefore, the degree of connection between temporary and permanent habitats determines the accessibility, the functions and the efficiency of these habitats for fish (SCHLOSSER, 1982; SNODGRASS et al., 1996; POIZAT and CRIVELLI, 1997) .
In the present paper, we first report data on the fish community structure in seasonally flooded grasslands in the Loire estuary (Grande Brière, France) in early spring in 2000. Restoration programs have been recently conducted here to counteract the landscape closure by tall helophytes, caused by the abandonment of traditional human activities since the second part of the 20 th century (see study area section). Clear-cutting experiments of sedge areas were conducted to favour the return of cattle grazing. This management measure provided an opportunity to describe the fish community in these formerly sedge beds turned into grasslands. We also tested the effect of several environmental factors on the spatial organisation of the fish assemblage. These preliminary results on the functions (from the size class study) and the efficiency (according to the distance gradient) of these new grasslands for the fish community were discussed and compared to previous fish data collected in some permanent waterbodies of the Grande Brière marshes.
STUDY AREA
The Grande Brière Mottière is a large wetland (7 000 ha) originally belonging to the Loire estuary floodplain (France 47°22'N, 02°11'W, Figure 1 ). In the past, the tidal influence was limited by a natural rocky sill, resulting in a wide oligohaline to freshwater area. Since the last transgression (8 000 BP), peat lands developed there and large reed or sedge beds progressively colonized the whole surface. Grande Brière marshes were for a long time exploited for peat and were used as a natural navigation passage between Guérande saltpans and the Loire River for the salt trade. These activities created a permanent water body composed of a dense network of 2 to 15 m wide ditches (400 km) and ponds created by peat extraction for fuel. Another important activity was cattle and horse farming: when the water level receded at spring time, more than 3 000 cattle and horses used to be stocked there to graze the reed beds, which were progressively replaced by Glyceria fluitans and Agrostis stolonifera grasslands. A set of sluices was built at the end of the 19 th century at the outlet of the marsh in order to control the water levels and to prevent marine incursions into the marsh. Recently, in the second part of 20 th century, peat extraction and cattle grazing were progressively abandoned, leading to a decrease of surfaces of grassland and permanent water (decrease from 80% in 1940 to 15% in 1980 of the total area for grasslands, from 700 ha in 1948 to 270 ha in 1980 of permanent water areas). This change in human activities has played a great role in the decrease of the biodiversity (BERNARD and ROLLAND, 1990; EYBERT et al., 1998) . In order to mitigate this trend, several restoration programs have been initiated in the past twenty years.
The study took place in three sedge bed areas (G1, G2 and G3 covering respectively 15, 20 and 40 ha), which were experimentally rotavated in 1997 (Figure 1 ). For facility, these areas will be named grasslands in the text although it is not totally true from a botanical point of view. They are surrounded by sedge and reed beds and are connected to permanent waters (close ditches) by few openings dug in banks formed by settling of materials stemming from clearance operations. Whereas banks isolate well grasslands from adjacent ditches, the openings which are about 20 cm higher than the mean level of the grasslands allow fish exchange between flooded grasslands and ditches according to the water regime. Generally, like in 2000, the highest water level occurred in winter (from 50 to 70 cm) and then progressively fell until the grasslands became dry in summer ( Figure 2 ). The access to and the suitability of temporary habitats are low from mid-May when a threshold of 15 cm water over connections is recorded preventing fish exchanges with permanent water due to ground unevenness. In early spring, a dense uniform aquatic vegetation cover occurs in grasslands, composed of submerged macrophytes and filamentous algae. A few deeper artificial peat extraction pools occur but they are rapidly isolated from the ditch network during spring.
MATERIAL AND METHODS

Fish sampling
Fish sampling was conducted in early spring (21-24 March) when most fish species are active (water warming), before the grassland isolation period. Fishing was conducted in the morning (8:00-13:00) using an electro-fishing apparatus (EFKO F.E.G. 8000) providing a fully rectified, triphase AC of 300 to 600 V and until 30 A. The point abundance sampling (PAS) was used (NELVA et al., 1979) , this sampling strategy being chosen because it is well adapted to shallow waters and is effective for all species and most life stages (ROUSSEAU et al., 1985; NELVA, 1988; HUTAGALUNG et al., 1997) . A 30 cm diameter anode was used as a good compromise for fish sampling since most 0+ fish were over 40 mm length at this period, knowing that a small diameter anode (10-15 cm) is efficient for fish larvae (> 10 mm) (COPP and PENAZ, 1988; GARNER, 1997) and larger anodes (40 cm diameter) are generally used for large fish (e.g. PERSAT and COPP, 1989) . A total of 184 stations (43, 57 and 84 stations respectively in G1 (15 ha), G2 (20 ha) and G3 (40 ha)) were carried out randomly in the grasslands in order to cover the whole accessible area and notably to relate fish data with a distance gradient between ditches and flooded grasslands (see the next section). There were no fundamental differences in the sampling effort according to grasslands (ratio between station numbers and accessible area). Station numbers are related to values recommended by COPP and GARNER (1995) and GARNER (1997) for between-site comparisons in species composition. The sampling method was applied by throwing the anode from a non-motorized boat to a distance of 5 to 10 m before collecting shocked fish to reduce disturbance, each spot sample being furthermore separated by a minimum of 50 m. Fish were identified to species, measured to the nearest millimetre and immediately returned to water. Abramis bjoerkna and Abramis brama were grouped and always considered together since juveniles were not reliably identifiable in the field.
Environmental variables
For each station, we measured three environmental variables: water depth (cm), aquatic vegetation cover (mainly Ceratophyllum spp., Myriophyllum spp. and Enteromorpha spp.) defined in four classes (scattered vegetation (0-25% coverage), medium (25-50%), dense (50-75%) and fully coverage (75-100%)) and distance to the nearest connection with a permanently flooded ditch defined in four classes (0-10 m, 11-30 m, 31-50 m and > 50 m). The substrate nature was not used since it was relatively homogeneous (peat) and was composed of plant debris and a thin mud layer. The water temperature was very stable (14 ± 1°C) and was not used in the analysis.
Data analysis
Measures of species diversity were calculated for the fish communities of each grassland including specific richness, Shannon diversity index and Equitability (Ecolostat software, GUILLORY, 1999) . Differences in relative abundance of fish species in the community of the three grasslands were tested using Spearman rank correlation (Systat 9, SPSS, 1998). The same statistical procedure was used to test changes in relative abundance of the fish species according to the distance gradient (four classes) when data of the three replicates (G1, G2, G3) were combined.
Ordination analysis with the direct gradient technique of the canonical correspondence analyses (CCA) was performed to investigate the association of the fish community to the set of environmental variables and to identify habitat variables contributing to spatial segregation of fish species. This method chooses the ordination axes on the basis of species and environnemental data and displays locations for sites (stations) and species (weighted averages) in ecological space assuming a Gaussian-type response to environmental gradients (arrows) (TER BRAAK, 1986 , 1996 . The CCA was tested using a Monte Carlo permutation test (n = 500 random permutations). The multivariate procedure was performed with CANOCO (version 4.51, TER BRAAK and SMILAUER, 2003) .
RÉSULTS
A total of 709 fish belonging to 10 species and 7 families were collected (Table 1) . Species richness ranged from 7 (G3) to 8 (G1/G2), the difference between the three grasslands resulting in the capture of one individual of Gambusia affinis in G1 and 2 individuals of Perca fluviatilis in G2. Shannon diversity index seemed higher in G2 (2.40) than in G1 (2.01) and G3 (1.76). Similar results were found for Equitability: 0.79 in G2 and 0.63 and 0.67 respectively in G3 and G1. However there were no fundamental changes in the significance of relative abundance of fish species according to replicates (Spearman rank correlations, 0.899 < rs < 0.986, p = 0.05). Globally, when data of the three grasslands were combined, fish were caught in a total of 71 stations (38.6% of total stations sampled). Number of species varied from 1 to 4 species according to stations and 40 of them had only one species. The four Cyprinid species caught in flooded grasslands largely dominated the community (87.8% in abundance) despite their relatively low occurrences (5.4-12.0%, Table I ). Conversely, the occurrence of Ameiurus melas was the highest (17.4%) despite low number of individuals (6.6% in abundance). Esox lucius, Anguilla anguilla and Lepomis gibbosus were scarce. Cyprinids were essentially represented by 0+ fish (44-124 mm), Ameiurus melas and Esox lucius mainly by age > 1 fish (87% of individuals > 110 mm for Ameiurus melas and 385-505 mm for Esox lucius), and Anguilla anguilla and Lepomis gibbosus by all age classes (149-689 mm and 26-128 mm respectively).
The species-environment correlations were 0.60 and 0.41 respectively for the first two axes of the CCA. The first two eigenvalues displayed 15% of the total inertia (total variance in species abundance data), and 96% of the variance in the weighted average of the species with the environmental variables. The Monte Carlo test for the first and all axes were significant (p < 0.001). Figure 3 is not very faithful in displaying the observed abundances, but highly faithful in displaying the fitted abundance values, weighted averages of fish species. It can be deducted from the figure, that fish species arranged mainly along a distance gradient from permanent habitats associated with an increasing vegetation cover (correlation coefficients with the CCA axis 1 = 0.88 and 0.48 respectively). Cyprinid species (Rutilus rutilus, Scardinius erythrophtalmus and Abramis brama/Abramis bjoerkna) were recorded mainly in stations close to permanent habitats poorly vegetated and Anguilla anguilla, Ameiurus melas and Esox lucius were caught in stations further from permanent habitats with dense vegetation. The second axis reflecting a water depth gradient (correlation coefficient with the CCA axis 2 = 0.97) was less informative since it only distinguished Lepomis gibbosus from the other fish species.
Consequently, as seen in Figure 4 , the relative abundances of fish species near permanent water bodies were significantly different from those recorded further away in the grasslands. Only two significant correlations were found for 0-10/11-30 m and 11-30/31-50 m classes. (> 50 m) in abundance whereas mainly Ameiurus melas increased from 2.6 to 40.0%. At the same time, the number of fish caught strongly decreased from 14.0 ± 10.5 fish per station in the 0-10 m zone to 0.4 ± 0.1 fish per station in the > 50 m zone ( Figure 5 ). Moreover, fish age > 2 which represented a tiny proportion near permanent water bodies (1.4%) increased progressively with distance and were the most abundant at the > 50 m zone (37.8%).
DISCUSSION
The flooded grasslands can be considered as unpredictable habitats for fish species as a result of the seasonal character of flooding and limited possibilities of fish movement via connections to permanent water bodies according to the water regime. However, the comparison of the fish community composition recorded in 2000 within temporarily flooded grasslands with those of previous studies conducted in several permanent water bodies of the same wetland (EYBERT et al., 1998) shows that 10 of a total of 13 fish species occur in temporary flooded grasslands. Cyprinus carpio, Tinca tinca and Zander lucioperca were not recorded in the present study. Moreover, relative abundance of common species differed significantly between both habitats (Spearman rank correlation, rs = 1.05, p > 0.05). The role of these temporary habitats as spawning, refuge and feeding grounds for fish species and the degree of colonization may explain the differences recorded with permanent areas.
The functional role of temporarily flooded grasslands
The temporary character of flooded grasslands limits the time of colonization by fish and prevents most of them from completing their entire life cycle (spawning, growing and feeding stages). Because of habitat constraints due to the water regime and the biology of each fish species, a limited number of age classes was noted for most of species, except for Ameiurus melas and mainly Lepomis gibbosus. These latter non-indigenous species and nest guarder spawners are more tolerant and not dependent on water depth, but greatly prefer a dense vegetation cover (THIERO YATABARY, 1981; GRENOUILLET, PONT and OLIVIER, 2000) . Ameiurus melas age > 1, which is dominant in the present study, is known to inhabit a wide range of ecosystems, from deep oxbows (COPP, 1989; GOZLAN et al., 1998; BERREBI-DIT-THOMAS, 1999) to shallow isolated ponds (THIERO YATABARY, 1981; DECLERCK et al., 2002) . The high colonization capacity of exogenous species (BABER et al., 2002 ) may explain their adaptative success and importance in fish communities. In our case, only non-indigenous species (Ameiurus melas and Lepomis gibbosus) colonize the major parts of the flooded grasslands. Cyprinids, which are supposed to use these flooded grasslands as refuge and feeding areas, were mainly present near connections with permanent areas. SNODGRASS et al. (1996) found similar results in isolated wetlands, stating that in severely perturbed habitats, fish assemblage structure depends more on colonization rates than on biotic interactions or size and complexity of habitats. Nevertheless, as shown by HOHAUSOVA, COPP and JANKOVSKY (2003) , floodplain fish species are able to change their location relative to the main channel between night and day. As nighttime were not investigated in this study, it is possible that fish change their location in temporary flooded-grasslands. In the present study, Anguilla anguilla and Esox lucius were present at very low abundance and these grasslands might not play their role of spawning ground for early spawners like Esox lucius (CASSELMAN and LEWIS, 1996; LE LOUARN and FEUNTEUN, 2001) and of nursery/ feeding area for opportunistic species like Anguilla anguilla . This latter species has the capacity to move over land between water bodies when feeding or habitat quality become unsuitable (BAISEZ, 2001) .
Confinement gradient between permanent and temporary habitats and efficiency of flooded grasslands as fish habitat
First mentions on the biological functions of flooded areas were made by ANTIPA (1928) who hypothesized that fish production in floodplain rivers is directly proportional to the intensity and duration of inundation. Afterwards, BOTNARIUC (1967) and KUSHLAN (1976b) showed the impact of the seasonal fluctuation in water level on fish community composition but also on other aquatic organisms. Our study described different patterns and intensities of colonization of temporary flooded grasslands by fish probably depending on a gradient of distance from connection to permanent waters. Most young fish stay in the 0-50 m zone from the permanent areas and are progressively replaced by fish > age 1 becoming dominant in the > 50 m zone. At the same time, dense vegetation was relatively constant far away from connections and seemed to prevent colonization by fish and especially young fish. In this context, the water level characterised by small changes within the flooded grasslands represented only a secondary factor in the spatial distribution of fish species contrarily to results found in some other related studies in different systems: tidal marshes (ROZAS and ODUM, 1988) , stream pools (CAPONE and KUSHLAN, 1991) , backwaters (GRENOUILLET, PONT and OLIVIER, 2000) , artificial submersible dykes (NICOLAS and PONT, 1995) but also in comparable seasonally flooded marshes (POIZAT and CRIVELLI, 1997) . Consequently, changes in the fish community described here occurred along a confinement gradient defined by the distance from permanent waters: young Cyprinidae are progressively replaced by mainly age > 1 Esocidae, Ictaluridae, Anguillidae and Centrarchidae in waters farthest away from connections with permanent waters. In the same way, MARIANI (2001) reported that the patterns of spatial fish distribution in coastal lagoons reflected a confinement gradient in the ecosystems studied. In the present study, the high degree of isolation recorded in the flooded grasslands (62% of stations were not colonized by any fish) rapidly limited the efficiency of these habitats for the fish community of permanent waters.
Fish population densities are often low in such habitats indicating either a strong dispersal or aggregative behaviour of the fish community (CRIVELLI, 1981; PONT et al., 1991) . The present adverse conditions thus did not favour an optimum use of these seasonally flooded habitats and led to a strong dispersal of fish populations. Moreover the water regime did not provide connections for a long period, since the flooded grasslands were completely isolated from permanent habitats from mid-May. Only most tolerant species such as Ameiurus melas, Anguilla anguilla and Lepomis gibbosus would be able to survive in the isolated pools. In this way, nursery functions for Cyprinidae would only be fulfilled in a reduced part near connections with permanent waters and spawning functions only for most tolerant species with strong risk of trapping as grasslands dried out.
These findings are relevant to "connectivity" concepts (AMOROS and ROUX, 1988; AMOROS and BORNETTE, 1999) , which have been mainly studied in French rivers (e.g. NICOLAS and PONT, 1995) , and in the Danube delta and tributaries (e.g. TOCKNER et al., 1999; HOHAUSOVA, 2000; HOHAUSOVA, COPP and JANKOVSKY, 2003) . Connectivity rather than surface area of floodplains explained the presence of fish and depended on a natural water regime determining successional pattern and habitat heterogeneity (TOCKNER, et al., 1999) . Moreover, connectivity governs fish biodiversity and functional roles of flooded areas for different fish species (NICOLAS and PONT, 1995; HOHAUSOVA, 2000; HOHAUSOVA, COPP and JANKOVSKY, 2003) .
CONCLUSION
These preliminary results on the structure of the fish community in temporary flooded grasslands of the Grande Brière permit us to plan some environmental engineering management options of these habitats to take into account and improve their roles for fish species. We propose to conduct complementary studies on the roles of connectivity and water level management on fish and their habitats.
